Spontaneous insertion of lipopolysaccharide into lipid membranes from aqueous solution.
Lipopolysaccharide (LPS), one of the main components of outer membranes of Gram-negative bacteria, consists of a hydrophobic lipid (lipid A) with six hydrocarbon chains and a large hydrophilic polysaccharide chain. LPS plays endotoxic roles and can stimulate macrophages and B cells. To elucidate the mechanism of the interaction of LPS with various cell membranes, it is important to investigate the interaction of wild type LPS in a buffer with lipid membranes. In this report we investigated the interaction of low concentrations of LPS in a buffer with giant unilamellar vesicles (GUVs) of dioleoylphosphatidylcholine (DOPC) membrane in the liquid-crystalline (L(α)) phase and sphingomyelin (SM)/cholesterol(chol) (molar ration; 6/4) membrane in the liquid-ordered (lo) phase. We found that low concentrations (less than critical micelle concentration) of LPS in aqueous solution induced the shape changes such as the transformation from a prolate to a two-spheres-connected by a very narrow neck in the DOPC-GUVs and also in the SM/chol (6/4)-GUVs above their threshold concentrations. The analysis of the shape changes of the GUVs indicates that the monomers of LPS can insert spontaneously into the external monolayer of the lipid membranes of these GUVs from the aqueous solution. Moreover, higher concentrations of LPS induced the vesicle fission of SM/chol(6/4)-GUVs above its higher threshold concentration. The vesicle fission of GUVs is similar to those induced by single long chain amphiphiles such as lysophosphatidylcholine. On the basis of these results, we discuss the interaction of wild type LPS with lipid membranes and cell membranes. These results suggest that LPS molecules can insert spontaneously into the external monolayer of the plasma membranes composed of the L(α) phase-membrane and the microdomain in the lo phase.